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(54) DISPLACEMENT SENSOR AND MOVEMENT INFORMATION COLLECTING DEVICE 
COMPRISING THE SAME 



(57) A displacement sensor comprising a movable 
body (10) made of a magnetic material, a pair of stators 
(11. 12) having driving coils (13, 14) and position sen- 
sors (15, 16) corresponding to the stators, opposedly 
arranged on both sides of the movable body (10), and 
made of a magnetic material, and a control unit (30) for 
driving the driving coils (1 3, 1 4) with electric powers cor- 
responding to the intervals {dl , d2) between the mova- 
ble body (10) and the stator (11) and between the 



movable body (10) and the stator (12) according to the 
sensing outputs of the position sensors (15, 16) so that 
the movable body (10) is balanced in an intermediate 
position between the stators (11, 1 2) and for calculating 
the force (F) applied to or acceleration (G) of the mova- 
ble body (10) from the powers for driving the driving 
coils (13, 14). A movement information collecting device 
comprising the displacement sensor is also disclosed. 
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1 . . EP 1 077 

Description 
Technical Field 

[0001 ] This invention relates to a displacement sen- 5 
sor composed of a force sensor, an acceleration sensor 
or the like, which is capable of performing a precision 
measurement, and a mobile data collecting apparatus 
suited to be used for, among ethers, an on-vehicle nav- 
igation system utilizing the displacement sensor. w 

Background Art 

[0002] Displacement sensors of this type have 
heretofore been known. For example, Japanese Patent is 
Publication (Unexamined) No. 8-248059 discloses a 
three-dimensional acceleration sensor comprising a 
weight part and detection parts arranged point-symmet- 
rically at positions equidistantly away in a three-dimen- 
sional direction from the center of gravity of the weight 20 
part, a three-dimensional acceleration applied to the 
weight part being detected by the detectors. 
[0003] The above-mentioned publication discloses 
sensors of the following types. The first one is of the 
type in which a piezoelectric element is utilized in a 25 
detection part and an acceleration applied in various 
directions by an adjustment torque screw for clamping 
or sandwiching a weight part with a constant pressure is 
detected as an analogous variation in voltage by the 
piezoelectric element (piezoelectric type acceleration 30 
sensor). The second one is of the type in which a mag- 
netic sensor is utilized in a detection part and which 
includes an electromagnet with the magnetic sensor 
fixed thereto and a control unit module for it. An amount 
of displacement of the magnetic body is detected as the 35 
variations in magnetic field by the magnetic sensor. 
Then, the amount of displacement is pulse-width modu- 
lated so as to be fed back to the electromagnet and the 
pulse-width modulation is monitored to detect an accel- 
eration (electromagnetic type acceleration sensor). The 40 
third one is of the type which includes a weight part hav- 
ing a magnet of magnetic characteristics, serving as an 
inertial body and in which a detection part includes 
magnets three-dimensionally opposedly arranged in an 
inner surface of a case and a magnetic coil module. 45 
With the weight part kept floated within the case under 
the effect of magnetic suspension from six directions 
caused by the magnets and the magnetic coil module, 
the variations in magnetic flux caused by positional 
change of the weight part are converted into an electric 50 
signal and detected as an acceleration (magnet type 
sensor). 

[0004] However, the above-mentioned techniques 
have the following shortcomings. 

[0005] In the case where a sensing part (weight 55 
part) of an acceleration contacts a separate substance 
(detection part) as in the case with the piezoelectric 
type acceleration sensor, mechanical errors caused by 
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frictional force thereof ar^^^ to occur. 
[0006] Even in the structure in which the weight part 
is balanced in a hollow Interior as in the case with the 
electromagnetic type speed sensor, modulation errors 
and conversion errors during the pulse-wldth/electric 
power conversion are liable to occur because the con- 
trolling of the electric power supplied to the electromag- 
netic coil is performed by means of pulse-width 
modulation. This makes it difficult to obtain a precision 
detection. 

[0007] Moreover, in any one of the above-men- 
tioned types, there is not only a need of analog process- 
ing, such as synchronous rectification and smoothing, 
amplification, integration and the like but also a need of 
A/D conversion, for detection of an acceleration. Conse- 
quently, it is difficult to obtain more than a certain 
degree of accuracy because of its non-linearity. Moreo- 
ver, the circuitry becomes large and the cost Is 
Increased. In addition, operation tends to be astable 
because it is susceptible to the fluctuations in tempera- 
ture and power supply 

[0008] The present invention has been accom- 
plished in view of the above-mentioned shortcomings. It 
is. therefore, a technical problem to be solved by the 
present invention to provide a displacement sensor 
which is precise and inexpensive. 
[0009] Mobile data collecting apparatuses of the 
above-mentioned type have heretofore been known, as 
well. A typical example is disclosed In Japanese Patent 
Publication (Unexamined) No. 8-43113, in which an 
absolute position is detected utilizing radio waves from 
a GPS (Global Positioning System). Another example is 
disclosed in Japanese Patent Publication (Unexamined) 
No. 8-297033, in which a position on the ground is com- 
puted utilizing a combination of various kinds of sensors 
(an acceleration sensor, an angular acceleration sensor 
and an inclination sensor). 

[0010] However, the former has such shortcomings 
that it becomes unable to use in a tunnel, under an ele- 
vated railroad and in a room because it uses radio 
waves coming from an artificial satellite. On the other 
hand, the latter has such shortcomings that big errors 
occur depending on accuracy of the sensors and the 
positions where they are attached, the number of com- 
ponent parts of the sensors and the circuits are 
increased and therefore, the cost is inevitably 
increased. 

[001 1 ] In view of the above situation, it is, therefore. 

another technical problem to be solved by the present 
invention to provide a mobile data collecting apparatus 
which can be used even in a place where radio waves 
coming from an artificial satellite do not reach, in which 
errors are lessened and which is inexpensive. 

Disclosure of Invention 

[0012] As mentioned above, the present invention 
has been accomplished in view of the shortcomings 



inherent in the prior art. It is, ther^^Ban object of the 
present invention to provide a ^^lacement sensor 

which is precise and inexpensive and a mobile data col- 
lecting apparatus which can be used even in a place 
where radio waves coming from an artificial satellite do 5 
not reach, in which errors are lessened and which is 
inexpensive. 

[001 3] In a first embodiment (claim 1 ) of the present 
inveniion. a displacement sensor includes a moving 
memoer (10) composed of a magnetic material; a pair 10 
o\ staiors (ii. 12) each composed of a magnetic mate- 
rial and arranged opposed to each other with respect to 
the moving member (10), the stators (11, 12) including 
dnving coils (13, 14) and position detectors (15. 16) cor- 
responding to the driving coils (13, 14), respectively; 15 
and a control unit (30) for driving, based on a detection 
output coming from the position detectors (15, 16), the 
driving coils (13. 14) with an electric power correspond- 
ing to intervals (d 1 , d2) between the moving member 
( 1 0) and the stators (1 1 , 1 2) so that the moving member 20 
(10) is balanced at an intermediate position between 
the stators (11, 12) and for computing a force (F) or 
acceleration (G) applied to the moving member (10) 
with a driving electric power of the driving coils (13, 14). 
[0014] In a second embodiment (claim 2) of the 25 
present invention, one pair or more of the stators (11, 
12) are disposed opposed to each other on each plane 
of the moving member (1 0) in triaxial directions X, Y, Z. 
[0015] In a third embodiment (claim 3) of the 
present invention, a displacement sensor includes a 30 
spherical moving member (1 0) composed of a magnetic 
material; three pairs of stators (11, 12) each composed 
of a magnetic material and arranged opposed to each 
other in triaxial directions X, Y. Z. with respect to the 
moving member (1 0), the stators (11,12) including driv- 35 
ing coils (13, 14) and position detectors (15, 16) corre- 
sponding to the driving coils (13, 14), respectively; and 
a control unit (30) for driving, based on a detection out- 
put coming from the position detectors (15, 1 6), the driv- 
ing coils (13, 14) with an electric power corresponding 40 
to intervals (d1, d2) between the moving member (10) 
and the stators (1 1 , 1 2) so that the moving member (10) 
is balanced at an intermediate position between the sta- 
tors (11, 12) and for computing a force (F) or accelera- 
tion (G) applied to the moving member (10) with a 45 
driving electric power of the driving coils (13, 14). 
[0016] In a fourth embodiment (claim 4) of the 
present invention, a shield (23) composed of a non- 
magnetic body is interposed between adjacent the sta- 
tors on the X-, Y- and Z- axis. so 
[001 7] In a fifth embodiment (claim 5) of the present 
invention, the driving of the driving coils (13, 14) is a 
pulse driving having a constantpulse-width and a driv- 
ing electric power is computed based on the number of 
the pulse driving signal. 55 
[0018] In a sixth embodiment (claim 6) of the 
present invention, the control unit (30) includes a phase 
comparator circuit (31) for supplying a comparing signal 
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(Clock) to the paired F^^Vi detectors (15. 16) and 
detecting an unbalanc^^ the intervals (d1, d2) 

between the paired stators (11, 12) and the moving 
member (10) as a difference in phase of the comparing 
signal (Clock); a pulse generating circuit (32) for supply- 
ing a driving pulse (PO, Pi) of a constant pulse-width 10 
one of the driving coils (13, 14) in accordance with the 
detected phase difference; a driver circuit (33) for driv- 
ing the driving coils (13, 14) with the driving pulse (PO, 
Pi ); a counter circuit (34) for counting the number of the 
driving pulses (PO, Pi); and computing or processing 
means (40) for computing a force (F) or acceleration (G) 
applied to the moving member (10) based on a counted 
value of the counter circuit (34). 

[0019] In a seventh embodiment (claim 7) of the 
present invention, the computing means (40) computes 
a force (F) applied to the moving member (10) per axis 
by using an equation of F = K1 • N1 - K2 • N2, where 
N1, N2 represent count numbers of the driving pulses 
(PO, Pi) supplied to the paired driving coils (13, 14) on 
one axis and Kl , K2 represent force coefficients. 
[0020] In an eighth embodiment (claim 8) of the 
present invention, the computing means (40) computes 
an acceleration (G) applied to the moving member (10) 
per axis using an equation of 
G = K10 • N1 - K20 • N2. where Nl. N2 represent 
count numbers of the driving pulses (PO, Pi ) supplied to 
the paired driving coils (13, 14) on one axis and KIO, 
K20 represent acceleration coefficients thereof. 
[0021] In a ninth embodiment (claim 9) of the 
present invention, the control unit (30) includes a tem- 
perature sensor and makes a correction of the compu- 
tation of the computing means (40) based on a 
detection output thereof. 

[0022] In a tenth embodiment (claim 10) of the 
present invention, the position detectors (15, 16) are 
converters utilizing the variations in inductance or in 
electrostatic capacity. 

[0023] In an eleventh embodiment (claim 1 1 ) of the 
present invention, a mobile data collecting apparatus 
comprises a hexahedral frame (62) composed of a non- 
magnetic material; a rectangularparallelepiped moving- 
member (10) composed of a magnetic material, the 
moving member (10) being loosely fitted so that the 
moving member (1 0) can vibrate in a three-dimensional 
direction within the frame; two pairs of stators (4, 5, 6, 7, 
8, 9) each composed of a magnetic body, the two pairs 
of stators (4, 5. 6. 7. 8, 9) being arranged opposed to 
each other with the moving member sandwiched there- 
between; two pairs of stators (4, 5, 6, 7, 8. 9) each com- 
posed of a magnetic body the two pairs of stators (4. 5. 
6, 7, 8, 9) being arranged opposed to each other on 
three sets of opposed surfaces (62a, 62b, 62c, 62d, 
62e, 62f) of the frame with the moving member sand- 
wiched therebetween; the stators being arranged such 
that three kinds of connecting lines (LI, L2, L3) thereof 
are orthogonal to each other; a driving coil (13) 
attached to each of the stators and adapted to vibrate 



the moving member; a positior^^Bcting coil (15) 
attached to each of the stators an^dapted to detect 
the position of the moving member; moving member 
control means (63) for driving the driving coils in 
response to the signal from each of the position detect- 5 
ing coils (15) so that the moving member is located in 
the center of the frame; acceleration computing means 
(64) for computing an acceleration of the moving mem- 
ber based on a driving electric power of each of the driv* 
ing coils; and mobile data computing means (65) for 10 
computing a mobile data based on the acceleration 
computed by the acceleration computing means. By 
employing this constitution, various mobile data can be 
obtained froman acceleration of the moving member 
and without a need of radio waves coming from an arti- 75 
ficial satellite. 

[0024] In a twelfth embodiment (daim 12) of the 
present invention, a mobile data collecting apparatus 
comprises a hexahedral frame (62) composed of a non- 
magnetic body; a rectangular parallelepiped moving 20 
member (1 0) composed of a magnetic body, the moving 
member (10) being loosely fitted so that the moving 
member (10) can vibrate in a three-dimensional direc- 
tion within the frame; two pairs of stators (4, 5, 6, 7, 8, 9) 
each composed of a magnetic material, the two pairs of 25 
stators (4, 5, 6, 7, 8, 9) being arranged opposed to each 
other on three sets of opposed surfaces (62a, 62b, 62c, 
62d, 62e, 62f) of the frame with the moving member 
sandwiched therebetween; the stators being arranged 
such that three kinds of connecting lines (Li, L2. L3) 30 
thereof are orthogonal to each other; a driving coil (13) 
attached to each of the stators and adapted to vibrate 
the moving member; a position detecting coil (15) 
attached to each of the stators and adapted to detect 
the position of the moving member; moving member 35 
control means (63) for driving the driving coils in 
response to the signal coming from each of the position 
detecting coils (15) so that the moving member is 
located in the center of the frame; acceleration comput- 
ing means (64) for computing an acceleration and an 40 
angular acceleration of the moving member based on a 
driving electric power of each of the driving coils; and 
mobile data computing means (65) for computing a 
mobile data accompanying a rotation based on the 
acceleration and the angular acceleration computed by 45 
the acceleration computing means. By virtue of this 
constitution, various mobile data accompanying rotation 
can be obtained froman acceleration and an angular 
acceleration of the moving member and without a need 
of radio waves coming from an artificial satellite. so 
[0025] In a thirteenth embodiment (claim 13). a 
mobile data collecting apparatus comprises a hexahe- 
dral frame (62) composed of a non-magnetic material; a 
rectangular parallelepiped moving member (10) com- 
posed of a magnetic material, the moving member (1 0) 55 
being loosely fitted so that the moving member (10) can 
vibrate in a three-dimensional direction within the frame; 
two pairs of stators (64, 65) each composed of a mag- 



EP 1 077 379 A1 



netic material, the two F^^HBf stators (64, 65) being 
arranged opposed to each other on first opposing sur- 
faces (62a. 62b) of all three sets of opposing surfaces 
(62a. 62b. 62c. 62d. 62e. 62f ) of the frame with the mov- 
ing member sandwiched therebetween; a pair of stators 
(66) composed of a magnetic body, the paired stators 
being arranged opposed to each other on second 
opposing surfaces (62c, 62d) with the moving member 
sandwiched therebetween; three pairs of stators (63, 
69, 70) each composed of a magnetic body, the three 
pairs of stators being arranged opposed to each other 
on third opposing surfaces (62e, 62f) in such a manner 
as to form a triangular shape thereon with the moving 
member sandwiched therebetween; a driving coil (13) 
attached to each of the stators and adapted to vibrate 
the moving member; a position detecting coil (15) 
attached to each of the stators and adapted to detect 
the position of the moving member; moving member 
control means (63) for driving the driving coils in 
response to the signal coming from each of the position 
detecting coils (15) so that the moving member is 
located in the center of the frame; acceleration comput- 
ing means (64) for computing an acceleration of the 
moving member based on a driving electric power of 
each of the driving coils; and mobile data computing 
means (65) for computing a mobile data based on the 
acceleration computed by the acceleration computing 
means. By virtue of this constitution, various mobile 
data can be obtained froman acceleration of the moving 
member and without a need of radio waves coming from 
an artificial satellite. At the same time, a height (a length 
in a direction where the stators are opposed on a third 
opposing surface) of the frame can be reduced. 
[0026] In a fourteenth embodiment (claim 1 4) of the 
present invention, a mobile data collecting apparatus 
comprises a hexahedral frame (62) composed of a non- 
magnetic material; a rectangularparallelepiped moving 
member (10) composed of a magnetic material, the 
moving member (10) being loosely fitted so that the 
moving member (10) can vibrate in a three-dimensional 
direction within the frame; two pairs of stators (64, 65) 
each composed of a magnetic body, the two pairs of sta- 
tors (64, 65) being arranged opposed to each other on 
first opposing surfaces (62a, 62b) of ail three sets of 
opposing surfaces (62a, 62b, 62c, 62d. 62e. 62f) of the 
frame with the moving member sandwiched therebe- 
tween; a pair of stators (66) composed of a magnetic 
body the paired stators being arranged opposed to 
each other on second opposing surfaces (62c. 62d) with 
the moving member sandwiched therebetween; three 
pairs of stators (68. 69, 70) each composed of a mag- 
netic body, the three pairs of stators being arranged 
opposed to each other on third opposing surfaces (62e, 
62f ) in such a manner as to form a triangular shape ther- 
eon with the moving member sandwiched therebe- 
tween; a driving coil (13) attached to each of the stators 
and adapted to vibrate the moving member; a position 
detecting coil (15) attached to each of the stators and 
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adapted to detect the position (^^wnoving member; 
moving member control means {^^ror driving the driv 
ing coils in response to the signal coming from each of 
the position detecting coils (15) so that the moving 
member is located in the center of the frame; accelera- 5 
tion computing means (64) for computing an accelera- 
tion and an angular acceleration of the moving member 
based on a driving electric power of each of the driving 
coils; and mobile data computing means (65) for com- 
puting a mobile data accompanying a rotation based. on ;o 
the acceleration and the angular acceleration computed 
by the acceleration computing means. By virtue of this 
constitution, various mobile data accompanying rotation 
can be obtained from an acceleration and an angular 
acceleration of the moving member and without a need 75 
of radio waves coming from an artificial satellite. At the 
same time, a height (a length in a direction where the 
stators are opposed on a third opposing surface) of the 
frame can be reduced. 

[0027] It should be noted that the reference numer- 20 
als in the parentheses represent con-esponding ele- 
ments In the drawings and that they are employed 
herein only for the sake of convenience. Accordingly, 
the present invention is by no means limited to or 
restrained by the description on the drawings. The same 25 
is true to the description of claims. 

Brief Description of Prswipg? 

[0028] 30 



FIG. 8; 

FIG. 10 is a structura^iagram showing a different 
embodiment of a displacement sensor from that of 
FIG. 9; 

FIG. 11 is a structural diagram showing a different 
embodiment of a displacement sensor from that of 
FIG. 10; 

FIG. 12 is a structural diagram showing a different 
embodiment of a displacement sensor from that of 
FIG. 11; 

FIG. 13 is a semi-sectional view showing a basic 
constitution of a triaxial acceleration sensor accord- 
ing to the present invention; 
FIG. 14 is a sectional view showing a uniaxial por- 
tion of FIG. 13; 

FIG. 1 5 is a circuit diagram of a control unit of a dis- 
placement sensor of the present invention; 
FIG. 16 is an illustration showing waveforms of var- 
ious parts of the control unit; 
FIG. 17 is a perspective view showing a first 
embodiment of a mobile data collecting apparatus 
according to the present invention; 
FIG. 18 is a front sectional view of the mobile data 
collecting apparatus shown in FIG. 17; 
FIG. 19 is a control block diagram of a navigation 
system equipped with the mobile data collecting 
apparatus shown in FIG. 17; and 
FIG. 20 is a perspective view showing a second 
embodiment of a mobile data collecting apparatus 
according to the present invention. 



FIG. 1 is a front sectional view showing a basic con- 
stitution of a uniaxial force sensor which constitutes 
a displacement sensor according to the present 
invention; FIG. 2 is an illustration showing a coil 35 
receiving structureof a stator. 
FIG. 2(a) is a plan view and FIG. 2(b) is a side semi- 
sectional view; 

FIG. 3 is a front sectional view showing a basic con- 
stitution of a uniaxial sensor which is different from 40 
that of FIG. 1; 

FIG. 4 is a front sectional view showing a basic con- 
stitution of a uniaxial force sensor which is different 
from that of FIG. 3; 

FIG. 5 is a front sectional view showing a basic con- 45 
stitution of a uniaxial force sensor which is different 
from that of FIG. 4; 

FIG. 6 is a structural diagram showing one embod- 
iment of a displacement sensor of the present 
invention; so 
FIG. 7 is a structural diagram showing a different 
embodiment of a displacement sensor from that of 
FIG. 6; 

FIG. 8 is a structural diagram showing a different 
embodiment of a displacement sensor from that of 55 
FIG. 7; 

FIG. 9 is a structural diagram showing a different 
embodiment of a displacement sensor from that of 



Best Mode for Carrying Out the Invention 

Displacement Sengor 

[0029] First, a displacement sensor of the present 
invention will be described with reference to the draw- 
ing. 

[0030] FIG. 1 is a front sectional view showing a 

basic constitution of a uniaxial force sensor according to 
the present invention. In FIG. 1. one pair of stators 11, 
12 are arranged at predetermined intervals d1, d2 on 
opposite ends (left and right sides in FIG. 1) of a rectan- 
gular parallelepiped moving member 10 composed of a 
magnetic body or material. 

[0031] The stators 11,12 are each composed of a 
magnetic body or material similar to the case with the 
moving member 10. The stators 11, 12 include driving 
coils 13, 14 and detecting coils 15, 16 as position detec- 
tors corresponding to the driving coils 13, 14. respec- 
tively The driving coils 1 3. 1 4 and the detecting coils 1 5, 
16 are concentrically arranged. 
[0032] FIGS. 2(a) and 2(b) show a structure of the 
stators. As shown, the position detecting coils 15, 16 
and the driving coils 13, 14 may be received directly in 
receiving grooves 1 7, 18 which are formed in the stators 
11, 12 in a loop-like pattern, respectively and fixedly 
bonded thereto by means of a resin or mold. It is also an 
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interesting alternative that the coil^^^ wound around 
bobbins so that the coil-attached bobbins are received 
in the receiving grooves 17. 18, respectively and fixedly 
bonded thereto. The taking-out of the respective coils 
can be made by pulling out the coils through taking-out 5 
grooves or taking-out holes 1 9, 20 formed In the receiv- 
ing grooves 17. \Q. 

[0033] In the above-mentioned constitution, in order 
10 maintain ihe intervals dl , 62 between the stators 1 1 , 
12 and the central moving member 10 normally equal, w 
the variations in magnetic field closed loop caused by 
Ihe moving member 10 and the detecting coils 15, 16 
are detected by the detecting coils 15. 16 and a con- 
stant amount of pulse power is supplied to those detect- 
ing coils on the side where the interval dl (or d2) is i5 
larger. By performing this sequentially at a high speed, 
the moving member 1 0 can be balanced between the 
stators 11. 12. At this time, a difference of power (i.e., 
electric power supplied to the driving coils 13, 14) 
applied to the moving member 1 0 from the stators 11, 20 
12 becomes to have a value proportional to a force 
acted on the moving member 1 0 and it can be taken out 
in the form of a digital signal of a force F in accordance 
with a difference in number of the driving pulse supplied 
to the paired driving coils 13, 14. 25 
[0034] Accordingly, in the present invention, it is 
entirely no more required to perform such an analog 
processing as pulse-width modulation, amplification or 
the like which was conventionally required. In the 
present constitution, owing to the structural features, the 30 
positional accuracy of balance of the moving member 
10 can be kept to several microns or less. That is, the 
displacement sensor is designed such that the force 
applied to the moving member 1 0 can be detected in an 
amount of displacement of several microns or less. 35 
[0035] FIGS. 3 to 5 are modifications of FIG. 1. 
Those modifications have a structure similar to that of 
the uniaxial force sensor shown in FIG. 1 and are differ- 
ent from FIG. 1 only in positional relation among the 
detecting coils 15, 16, the driving coils 13. 14, the mov- 40 
ing member 10 and the stators 11, 12. The present 
invention can be applied to any of them. The basic oper- 
ation of them is the same as described above. 
[0036] In the constitution of FIG. 3, the positional 
relation between the stator and the moving member is 45 
reversed to that of FIG. 1. Specifically, the stator is 
arranged to the center and the moving members are 
arranged in such a manner as to sandwich the stator. 
The driving coils 13, 14 and the position detecting coils 
15. 16 are arranged at the moving members 10 which so 
are arranged on both sides of the stator. 
[0037] The constitution of FIG. 4 is same as that of 
FIG. 1 only except that the driving coils 13, 14 and the 
detecting coils 15. 16 are arranged on opposite ends of 
the moving member 1 0 itself. 55 
[0038] The constitution of FIG. 5 is similar to that of 
FIG. 3 but different to that of FIG. 3 in the respect that 
the driving coils 13,14 and the detecting coils 15.16 are 



arranged on opposite end^^ihe stator 1 1 itself. 
[0039] One embodiment of a displacement sensor 
composed of the uniaxial force sensor will now be 
described. 

[0040] FIG. 6 shows a displacement sensor includ- 
ing three Z-axis force sensors composed of the stators 
11,12 arranged in a triangular shape on an X- and Y- 
axis plane of the plate-like moving member 10. This dis- 
placement sensor is designed such that the moving 
member 10 can freely move on the X- and Y-axis plane 
by friction 0 and the forces Fzi , Fz2 and Fz3 applied to 
the respective force sensors can be measured with a 
super high precision. Moreover, rotating torque of the X- 
and Y-axis can be computed based on the measured 
values through a computing method as later described. 
[0041] FIG. 7 shows a modification, in which two 
stators 1 1 , 1 2 are arranged in the Y-axis direction on the 
displacement sensor of FIG. 5, the moving member 10 
can move freely on the X-axis and as illustrated, the 
forces Fxl , Fz2, FzS applied to the force sensors on the 
Z-axis and the forces Fyl , Fy2 applied to the force sen- 
sors on the Y-axis can be measured with a super high 
precision. Moreover, the rotating torque of the X-. Y- and 
Z-axis can be computed based on those measured val- 
ues, as well. 

[0042] FIG. 8 shows another modification, in which 
the stators 11, 12 are further arranged in the X-axis 
direction on the displacement sensor of FIG. 7. This dis- 
placement sensor has entirely no degree of freedom on 
the X-, Y- and Z-axIs and in the rotating direction of the 
X-, Y- and Z-axis. The forces Fzi , Fz2, Fz3 applied to 
the force sensors on the Z-axis, the forces Fyl, Fy2 
applied to the force sensors on the Y-axis and the force 
Fxl applied to the force sensor on the X-axis can be 
measured with a super high precision. Moreover, the 
rotating torque of the X-, Y- and Z-axis can be computed 
based on those measured values, as well. 
[0043] FIG. 9 shows still another modification, in 
which the displacement sensor of FIG. 8 has a cubic 
moving member 1 0 and force sensors are all symmetri- 
cally arranged on its three X-, Y- and Z-axis planes. In 
this constitution, the forces Fzi , Fz2 applied to the force 
sensors of the Z-axis, the forces Fyl , Fy2 applied to the 
force sensors of the Y-axis and the forces Fxl, Fx2 
applied to the force sensors of the X-axis can be meas- 
ured with a super high precision. This makes it possible 
to compute the rotating torque of the X-, Y- and Z- axis, 
as well. 

[0044] FIG. 10 shows another example of a dis- 
placement sensor, in which three Z-axIs direction force 
sensors are arranged on a disc-like moving member 1 0, 
one each is arranged on the X- and Y-axis plane and 
one each on the X- and Y-axis of a disc side surface. In 
this modification, a rotation 9 of the moving member 10 
in the Z-axis is free, and the forces FZI, FZ2, FZ3 
applied to the force sensors of Z-axis, the force Fy 
applied to the force sensor of the Y-axis and the force Fx 
applied to the force sensor of the X-axis can be meas- 
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lakes it possible 
and Y-axis, as 



ured with a super high precision, 
to compute the rotating torque of i 

well. 

[0045] FIG. 1 1 shows still another example of a dis- 
placement sensor, in which a circular column-like mov- 5 
ing member 10 has two sets of 2- and Y-axis force 
sensors arranged on the X-axis. In this displacement 
sensor, the moving member 10 is free in X-axis rota- 
ticnH and slide, and the forces Fzl , Fz2 applied to the Z- 
axis force sensor and the forces Fyl , Fy2 applied to the w 
Y-axis force sensors can be measured with a super high 
precision. This makes it possible to compute the rotat- 
ing torque of the Y- and Z-axis. 

[0046] FIG. 12 shows a modification, in which the 
displacement sensor of FIG. 1 1 further has X-axis force is 
sensors arranged on the moving member 10. In this dis- 
placement sensor, rotation of the X-axis is free, and the 
forces Fzl , F22 applied to the 2-axis force sensors, the 
forces Fyl . Fy2 applied to the Y-axis force sensors and 
the force Fx applied to the X-axis force sensor can be 20 
measured with a super high precision. This makes it 
possible to compute the rotating torque of the Y- and 2- 
axis. The above-mentioned various displacement sen- 
sors shown in FIGS, 1 to 12 are received in a fixed 
frame composed of a non-magnetic body. 25 
[0047] As a modified example of the above-men- 
tioned displacement sensors, a triaxial displacement 
sensor will now be described with reference to FIGS. 
13. 14. 

[0048] FIG. 13 is a semi-sectional view showing a 30 
basic constitution of a triaxial acceleration sensor and 
FIG. 14 is a sectional view showing a uniaxial portion 
taken out therefrom. 

[0049] In FIGS. 13 and 14, stators 11, 12 are 
an'anged, in the form of one-pair, about a spherical 35 
moving member 10 composed of a magnetic body at 
predetermined intervals d1, d2 in the triaxial directions 
X, Y, Z and in such a manner as to sandwich the moving 
member 1 0 therebetween. The paired stators 1 1 , 1 2 are 
each composed of a magnetic body as in the case with 40 
the moving member 10. Each stator 11,12 has a driving 
coij 13, 14 and a detecting coil 15, 16 serving as a posi- 
tion detector. Between the adjacent stators 11,12, there 
is interposed a shield 23 composed of a non-magnetic 
body. This shield 23 is adapted to prevent the leakage of 45 
magnetic flux of the driving coils 15, 16. The triaxial 
acceleration sensor thus constructed is integrally fixedly 
received in a fixed frame, not shown,composed of a 
non-magnetic material. 

[0050] In FIG. 14, in order to maintain the intervals so 
d1. d2 between the pair of left and right stators 11,12 
and the central moving member 10 normally equal, the 
variations in magnetic field closed loop caused by the 
moving member 10 and the stators 11, 12 are detected 
and compared by the detecting coils 16. 16 and a con- 55 
stant amount of electric power is supplied to the driving 
coil on the side where the interval d1 (or d2) is larger. By 
sequentially performing this at a high speed, the moving 



member 10 can be bal^^H between the stators 11, 
12. At that time, a difference in power (i.e.. electric 
power supplied to the driving coils 13, 14) applied to the 
moving member 10 from the stators 11,12 becomes a 
value proponional to the force acted on the moving 
member 10. Since this constitution Is a structure in 
which the moving member 1 0 is received in the stators 
and in which it is difficult to apply an energy (force) 
mechanically thereto from outside unlike the case with 
the above-mentioned embodiments, the constitution is 
suited for the detection of an acceleration and the accel- 
eration can be taken out as a digital signal of the accel- 
eration G from a difference in number of the driving 
pulses applied to the paired driving coils 13. 14. Here, 
the positional accuracy of balance can be held at sev- 
eral microns or less because of its structural features. In 
other words, there can be obtained a displacement sen- 
sor which is capable of detecting an acceleration 
applied to the moving member 10 at an amount of dis- 
placement of several microns or less. 
[0051 1 This uniaxial acceleration sensor is arranged 
on the X-, Y- and Z-axis to forni a triaxial constitution as 
shown in FIG. 13. By doing so, the moving member 10 
can be balanced in the state in which the moving mem- 
ber 10 is perfectly floated in air and hence, a high preci- 
sion acceleration sensor can be realized. 
[0052] Next, operation of a control unit will be 
described with reference to FIGS. 15 and 16. FIG. 15 is 
a controller circuit diagram and FIG. 16 is a chart of 
waveforms of various parts. The control unit 30 is 
adapted to control the operation of the displacement 
sensor. The control unit 30 is integrally received in a 
fixed frame, not shown, together with the stators and the 
moving member. 

[0053] The control unit 30 comprises a phase differ- 
ence comparator circuit 31 for detecting an unbalance 
of the intervals dl, d2 between the stators 11,12 and 
the moving member 10 as a phase difference of a com- 
paring signal through a delay circuit composed of one 
pair of detecting coils 15, 16 and condensers Cq, C-i 
having a same capacity and connected to one ends of 
the detecting coils 15, 16 and a flip-flop circuit iCl, a 
pulse generating circuit 32 for generating driving pulses 
PO, PI to either the driving coil 14 or 13 in accordance 
with the detected phase difference, a driver circuit 33 for 
driving the driving coils 13, 14 through transistors Q1, 
Q2, a counter circuit 34 including count/latch circuit 1C4, 
ICS composed of a counter for counting the number of 
driving pulses and a data latching shift resister, for 
example, and computing means 40 for computing a 
force (acceleration) applied to the moving member 10 
based on the counted value. 

[0054] This control unit 30 is designed for a triaxial 
acceleration sensor and includes specific control units 
30X, 30Y, 30Z corresponding to the X-, Y- and Z-axis. It 
should be noted, however, that the circuit constitutions 
and operation thereof are all the same. 
[0055] Operation of the control circuit 30X corre- 
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sponding to one axis (X-axis) ^^V>^ will now be 
described. It should be noted that t^s operation is per- 
formed in such an unbalanced state in which the moving 
member 10 is offset to the stator 1 1 side (i.e.. detecting 
coil I5side)(d2>dl), 5 
[0056] A rectangular wave signal Clock of 1 MHz to 
10 KHz is supplied as the aforementioned comparing 
signal to the detecting coils 15. 16 through a buffer 
When the moving member lO is in the above-mentioned 
positional relation (displacement), an inductance Li 6 of w 
the detecting coil 16 is in a relation of Li 6 > Li 5 with an 
inductance LIS of the detecting coil 15. In the delay cir- 
cuit connected with the detecting coils 1 5, 16, delay out- 
put signals SO, Si each having a different amount of 
delay corresponding to the values of the inductance is 
Lis, L15 are obtained. The delay output signals SO, Si 
are waveform -shaped through the buffer and input to a 
CLK terminal and a D terminal of the flip-flop ICl, 
respectively. By doing so. a phase difference between 
the two signals SO, Si can be detected. In the case of 20 
this embodiment, an output Q of the flip-flop 1C1 is set 
to"L" and the other output is set to "H". 
[0057] In the pulse generating circuit 32. both out- 
puts of the flip-flop ICl are input into an NOR circuits 
IC2, IC3 and a driving pulse PO of a constant pulse 25 
width, which is synchronous with the pulse signal Clock, 
is output to the NOR circuit IC2 whose phase is earlier 
(I.e., the amount of delay is smaller) through the logical 
sum with the pulse signal Clock. 

[0058] In this driver circuit 33, the transistor 01 is 30 
turned on/off based on the driving pulse PO, a constant 
amount of electric power PWO is supplied to the driving 
coil 14 and the moving member 10 is controlled to be 
displaced to the stator 12 side. 

[0059] At the same time, the number of driving 35 
pulses PO is counted by the count/latch circuit IC4 and 
the latched count data are transmitted to computing 
means 40 (for example, CPU. that is, Central Process- 
ing Unit) through a data bus 50. 

[0060] The counter data are transmitted at a cycle 40 
of integral multiple (for example, at a cycle of 10 to 100 
ms) of the pulse signal Clock. 

[0061] There has been described on such an unbal- 
anced state in which the moving member 10 is offset to 
the stator 11 side (i.e., the detector coil 15 side) (d2 > 45 
dl). In another unbalanced state in which the moving 
member 10 is offset to the stator 12 side (d2 < dl), it is 
a matter of course that the driving coil 1 3 is pulse driven, 
the number of the driving pulse Pi at that time is 
counted by the counter/latch circuit ICS and the count so 
data are transmitted to the computing means 40 at the 
above-mentioned constant cycle. 
[0062] Then, the computing means 40 executes a 
computing operation of the force (acceleration) based 
on the transferred data input therein. 55 
[0063] Presuming, for example, that the numbers of 
the driving pulses transmitted at one cycle (i.e., the 
numbers of rotation of the constant electric powers 



EP 1 077 



379 A1 14 

PWO. PWl supplied to t^^ting coils 13. 14, respec- 
tively) per axis are N1. N2, the force F applied to this 
axis can be expressed by F = Kl x N1 - K2 x N2 
(where K1, K2 represent force coefficients of both of 
them). In the case where two pairs of force sensors are 
arranged on an orthogonal plane of one axis, a rotating 
torque of that axis can be computed based on a differ- 
ence between the forces Fl and F2 obtained through 
the above computing method. Moreover, if the forces 
Fl, F2, F3 are computed by arranging three pairs of 
force sensors in a triangular shape on an orthogonal 
plane of one axis, a biaxial rotating torque can be com- 
puted based on the differences of the respective forces. 
[0064] Although the coefficient is different, the 
acceleration G can be computed through the similar 
computing procedure as above. If the acceleration coef- 
ficients are K10, K20, the acceleration G can be repre- 
sented by G = K10 • N1 - K20 • N2 per axis. 
Therefore, the above purpose can be achieved by com- 
puting the accelerations Gx. Gy. Gz in three directions 
of the X-, Y- and Z- axis. 

[0065] Since it can be contemplated that the above 
coefficients vary depending on temperature, it is pre- 
ferred that a temperature sensor (not shown) is 
attached to the inside of each sensor and the coeffi- 
cients are corrected based on the detected tempera- 
tures. 3y virtue of this arrangement, more correct 
results of computation can be obtained. 
[0066] Although the detecting coil for detecting the 
displacement of the moving member 10 as a variation in 
inductance is used as a position detector in the above 
embodiments, the present invention is not limited to this. 
The displacement of the moving member 10 may be 
detected as a variation in electrostatic capacity. In that 
case, each delay circuit is, of course, composed of a CR 
circuit. 

[0067] As described above, since a dlsplacenient 
sensor of the present invention can realize an extremely 
highprecision, its application field can be enlarged. For 
example, it can be applied not only to measuring 
devices such as a force-meter, an accelerometer and a 
seismograph, but also to various other devices and 
instruments including machine tools and mechanism 
devices such as an X, Y table and a turn table, devices 
and instruments relating to automotive vehicles, air- 
planes or the like, such as a navigation system, a speed 
meter and a distance meter. 

[0068] As explained above, according to the 

present invention described in the first to third embodi- 
ments (claims 1 to 3), stators are arranged opposed to 
each other with respect to a moving member, driving 
coils are driven with an electric power corresponding to 
intervals between the moving member and the stators 
so that the moving member is balanced at an intermedi- 
ate position between the paired stators, and a force or 
acceleration applied to the moving member is computed 
with a driving electric power of the driving coils. Accord- 
ingly, by arranging such sensors on the X-, Y- and 2- 
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axis, the moving member can be^^Bced in a state in 
which the moving member is perfe^^ rtoated in air and 
an ideal displacement sensor having no mechanical 
friction can be realized. Moreover, the positional accu- 
racy of balance of the moving member can be kept to 
several microns or less. In other words, a high precision 
displacement sensor can be obtained in which the force 
(acceleration) applied to the moving member can be 
detected in an amount of displacement of several 
microns or less. 

[0069] According to the present invention described 
in the fourth embodiment (daim 4), a non-magnetic 
material is interposed between the adjacent stators on 
the Y- and Z- axis. Accordingly, the leakage of mag- 
netic flux from the stators can be prevented. Operation 
failure due to the leakage of magnetic flux can be elimi- 
nated and hence.reliability is enhanced. 
[0070] According to the present invention described 
in the fifth embodiment (claim 5), the driving of the driv- 
ing coils is a pulse driving having a constant pulse-width 
and a driving electric power is computed based on the 
number of the driving pulses. Accordingly, the driving 
electric power can be computed in a very simple and 
easy manner and without a need of such a complicated 
analog processing as pulse-width modulation, which 
was conventionally required. Since calculation en*ors 
hardly occur, a high precision detection can be 
obtained. Moreover, since the driving pulse is a com- 
mon signal to the driving coils, no unbalance occurs to 
the electric power supplied to the driving coils. 
[0071 1 According to the present invention described 
in the sixth to eighth embodiments (claims 6 to 8), the 
control unit includes a phase comparator circuit for 
detecting an unbalance of the intervals between the 
paired stators and the moving member as a difference 
in phase of the comparing signal, a pulse generating cir- 
cuit for supplying a driving pulse of a constant pulse- 
width to one of the driving coils in accordance with the 
detected phase difference, a driver circuit for driving the 
driving coils, a counter circuit for counting the number of 
the driving pulses, and computing means for computing 
a force or acceleration applied to the moving member 
based on a counted value of the counter circuit. Accord- 
ingly, since all can be processed by digital means with- 
out a need of analog means as conventionally required, 
a high precision displacement sensor can be realized, in 
which the circuit constitution can be simplified, which is 
Inexpensive and which is stable and hardly susceptible 
to the fluctuations in temperature and power supply. 
[0072] According to the present invention described 
in the ninth embodiment (claim 9), the computation or 
processing of the computing means (processor) is cor- 
rected based on a detection output of the temperature 
sensor. Accordingly, a more correct force (acceleration) 
can be computed which is hardly susceptible to the var- 
iations in temperature, etc. 

[0073] Moreover, the driving of the driving coils is a 
puise driving having a constant pulse-width and a driv- 
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ing electric power is cod^^Bi based on the number of 
the driving pulses. Accoraingly, the driving electric 
power can be computed in a very simple and easy man- 
ner and without a need of such a complicated analog 
5 processing as pulse-width modulation, which was con- 
ventionally required. Since calculation errors hardly 
occur, a high precision detection can be obtained. More- 
over, since the driving pulse is a common signal to all of 
the driving coils, there will be no unbalance occurring to 
10 the electric power supplied to the driving coils. 

Mobile Data Collecting Apparatus 

[0074] Embodiments of a mobile data collecting 
75 apparatus of the present invention will now be described 
with reference to the drawings. 

<First Embodiment) 

20 [0075] This mobile data collecting apparatus 60 
includes, as shown in FIGS. 17 and 18, a hexahedral 
frame 62 composed of a non-magnetic material. A rec- 
tangular parallelepiped moving member 10 composed 
of a magnetic body such as ferrite is loosely fitted so 

25 that the moving member 10 can vibrate in a three- 
dimensional direction (X-axis, Y-axis. Z-axis direction) 
within the frame, 

[0076] On the other hand, two pairs of stators 4, 5 
each composed of a magnetic body are arranged 

30 opposed to each other in the X-axis direction on one set 
of opposing surfaces 62a. 62b orthogonal to the X-axis, 
of all six surfaces of the frame 62 with the moving mem- 
ber 1 0 sandwiched therebetween. Two connecting lines 
LI each connecting the stators 4. 5 are all in alignment 

35 with the Y-axis direction. Two pairs of stators 6. 7 each 
composed of a magnetic material are arranged 
opposed to each other in the Y-axis direction on one set 
of opposed surfaces 62c, 62d orthogonal to the Y-axis, 
of all six surfaces of the frame 62 with the moving mem- 

40 ber 1 0 sandwiched therebetween. Two connecting lines 
L2 each connecting the stators 6, 7 are all in alignment 
with the Z-axis direction. Moreover, two pairs of stators 
8, 9 each composed of a magnetic body are arranged 
opposed to each other in the Z-axis direction on one set 

45 of opposed surfaces 62e, 62f orthogonal to the Z-axis, 
of alt six surfaces of the frame 62 with the moving mem- 
ber 1 0 sandwiched therebetween. Two connecting lines 
L3 each connecting the stators 8, 9 are all in alignment 
with the X-axis direction. 

50 [0077] A large annular driving coil 13 and a small 
annular position detecting coil 15, as shown in FIG. 18, 
are concentrically embedded in an inner surface of each 
of the stators 4, 5, 6, 7. 8. 9. 

[0078] As shown in FIG. 19, the mobile datacollect- 
55 ing apparatus 60 includes a main control unit 70 such as 
a CPU. The main control unit 70 has a moving member 
control unit 63, an acceleration computing unit 64 and a 
mobile data computing unit 65 incorporated therein. 
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Moreover, the main control unit 70^^^nected with the 
driving coil 13 and the position detecting coil 1 5. By con- 
necting a map data storage unit 66 and a mobile data 
display unit 67 to ihe main control unit 70 of the mobile 
data collecting apparatus 60, a navigation system 80 is 5 
constituted. 

[0079] Since the mobile data collecting apparatus 
60 has the above-mentioned constitution, it is possible 
for this apparatus that an acceleration in a three-dimen- 
sional direction is computed and various mobile data w 
are obtained based on the acceleration thus computed, 
in the manner as described hereinafter. 
[0080] In order to maintain the intervals d1, d2 
between one pair of stators 6, 6 and the moving mem- 
ber 10 normally equal, the moving member control unit 15 
63 of the main control unit 70 detects, through the posi- 
tion detecting coils 15, the variations in magnetic field 
closed loop caused by the moving member 10 and the 
stators 6. then compares the two and supplies a con- 
stant amount of pulse power to those driving coils on the 20 
side v/here the interval d1 (or d2) is larger. By perform- 
ing this sequentially at a high speed, the moving mem- 
ber 1 0 is balanced between the stators 6, 6. At this time, 
a difference of power (i.e.. electric power supplied to the 
driving coil 10 of each stator 5) applied to the moving 25 
member 1 0 from each stator 6 has a value proportional 
to a force acted on the moving member 10 in the Y-axis 
direction and hence, proportional to the acceleration, 
the acceleration computing unit 64 of the main control 
unit 70 computes a Y-axis component of the accelera- 30 
tion of the moving member 1 0 based on the driving elec- 
tric power of the driving coil 13 of each stator 6. Here, 
one pair of stators 7, 7 may be used instead of one pair 
of stators 6, 6. 

[0081] Likewise, an X-axis component of the accel- 35 
eration of the moving member 10 can be computed 
based on the driving electric power of the driving coils 
1 3 of one pair of stators 4, 4 {or 5, 5), and a Z-axis com- 
ponent of the acceleration of the moving member 10 
can be computed based on the driving electric power of 40 
the driving coils 13 of one pair of stators 8, 8 (or 9. 9). 
[0082] After the three components (the X-axis com- 
ponent, the Y-axis component and the Z-axis compo- 
nent) of the acceleration of the moving member 1 0 are 
obtained in the manner as just mentioned, the accelera- 45 
tion computing unit 64 of the main control unit 70 com- 
putes an acceleration of the moving member 10 by 
vector combining those three components. 
[0083] Then, the mobile data computing unit 65 of 
the main control unit 70 computes a desired mobile data 50 
item based on the acceleration thus obtained. For 
example, if this acceleration is integrated, a speed can 
be obtained and if integrated once again, a position can 
be obtained. 

[0084] It is also possible for the mobile data collect- 55 
ing apparatus 60 to compute not only an acceleration in 
the three-dimensional direction but also an angular 
acceleration and to obtain various mobile data accom- 



panying a rotation based acceleration and angu- 
lar acceleration thus obtained. 
[0085] Since the stators 4, 5 arranged opposed to 
each other in the X-axis direction are aligned along the 
Y-axis direction as shown in FIG. 17, first, the accelera- 
tion computing unit 64 of the main control unit 70 com- 
putes a Z-axis component of the angular acceleration of 
the moving member 10 by comparing the driving electric 
powers of the driving coils 13 embedded in the stators 
4, 5. Since the stators 6, 7 arranged opposed to each 
other in the Y-axis direction are aligned along the Z-axis 
direction, the acceleration computing unit 64 of the main 
control unit 70 then computes an X-axis component of 
the angular acceleration of the moving member 10 by 
comparing the driving electric powers of the driving coils 
13 embedded in the stators 6, 7. Since the stators 8, 9 
anBnged opposed to each other in the Z-axis direction 
are aligned along the X-axis direction, the acceleration 
computing unit 64 of the main control unit 70 finally 
computes a Y-axis component of the angular accelera- 
tion of the moving member 10 by comparing the driving 
electric powers of the driving coils 13 embedded in the 
stators 3. 9. Then, the three components (the X-axis 
component, the Y-axis component and the Z-axis com- 
ponent) of the angular acceleration of the moving mem- 
ber 3 are vector combined to compute an angular 
acceleration of the moving member 3. 
[0086] Subsequently the mobile data computing 
unit 65 of the main control unit 70 computes a desired 
data item involving a rotation based on the angular 
acceleration and the acceleration thus obtained. For 
example, if this angular acceleration is integrated, an 
angular velocity can be obtained and if integrated once 
again, an angle can be obtained. 
[0087] After the mobile data thus obtained are com- 
pared with the map data stored in the map data storage 
unit 66 and properly corrected, the corrected data are 
displayed on the mobile data display unit 67, thus exhib- 
iting the function of navigation system. 
[0088] Although, two pairs of stators 4, 5, 6, 7, 8, 9 
are arranged on each of the three sets of opposing sur- 
faces 2a, 2b, 2c, 2d, 2e, 2f of the regular hexahedral 
frame in the first embodiment, it is also possible to 
obtain a low-height type mobile data collecting appara- 
tus 81 by giving a thought to the arrangement of the sta- 
tors 4, 5, 6, 7, 8, 9, in which the height (length in the 
uniaxial direction) of the frame 62 is reduced to about a 
half. Such a low-height type data collecting apparatus 
81 will now be described hereinafter. 

(Second Embodiment) 

[0089] FIG. 20 shows a perspective view of a sec- 
ond embodiment of a mobile data collecting apparatus 
according to the present invention. 
[0090] This low-height type mobile data collecting 
apparatus 81. as shown in FIG. 20, includes a hexahe- 
dral frame 62 composed of a non-magnetic material. An 
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outside dimension of the frame G^^pbch that a length 
S1 in the X-axis direction is equal to a length S2 m the 
Y-axis direction and a length S3 in the Z-axis direction is 
about a half the length S1 in the X-axis direction and the 
length S2 in the Y-axis direction. A rectangular parallel- 5 
epiped moving member 10 composed of a magnetic 
body is loosely fitted so that the moving member can 
vibrate in a three-dimensional direction (the X-axis 
direction, the Y-axis direction and the Z-axis direction) 
within the frame 62. A dimension of this moving member 70 
10 corresponds to an outside dimension of the frame 
62. 

[0091] On the other hand, two pairs of stators 64. 
65 each composed of a magnetic body are an-anged 

opposed to each other in the X-axis direction on one set 15 
of opposed surfaces 62a, 62b orthogonal to the X-axis, 
of all the six surfaces of the frame 62 with the moving 
member 10 sandwiched therebetween. Two connecting 
lines each connecting the stators 64, 65 are all in align- 
ment with the Y-axis direction. One pair ofstators 66 20 
composed of a magnetic material are an-anged 
opposed to each other in the Y-axis direction on one set 
of opposed surfaces 62c, 62d orthogonal to the Y-axis, 
of all six surfaces of the frame 62 with the moving mem- 
ber 10 sandwiched therebetween. Here, the three pairs 25 
of stators 64, 65, 66 are all arranged on a same X-Y 
plane. Moreover, three pairs of stators 68, 69, 70 each 
composed of a magnetic material are an^nged 
opposed to each other in the Z-axis direction on one set 
of opposed surfaces 62e, 62f orthogonal to the Z-axis, 30 
of all six surfaces of the frame 62 with the moving mem- 
ber 10 sandwiched therebetween. If those stators 68, 
69, 70 are connected, a triangular shape orthogonal to 
the Z-axis is formed. 

[0092] All the remaining constitution is the same as 35 
the above-mentioned first embodiment. 
[0093] Accordingly, it Is also possible for this mobile 
data collecting apparatus that an acceleration and an 
angular acceleration in a three-dimensional direction 
are computed and various mobile data accompanying a 40 
rotation are obtained based on the acceleration and the 
angular deceleration thus computed. 
[0094] Although only one pair of stators 66 are 
attached to the one set of opposing surfaces 62c, 62d of 
the frame 62, three pairs of stators 68, 69, 70 are 45 
attached to another one set of opposing surfaces 62e, 
62f. Accordingly, no inconveniences are encountered in 
obtaining various mobile data as in the case with the 
mobile data collecting apparatus 60 described in the 
first embodiment. so 
[0095] That is. since the stators 64. 65 arranged 
opposed to each other in the X-axis direction are 
aligned along the Y-axis direction, the Z-axis component 
of the angular acceleration of the moving member 10 
can be computed by comparing the driving electric 55 
power of the driving coils (not shown) embedded in the 
stators 64. 65. Since the stators 68. 69, 70 an^nged 
opposed to each other in the Z-axis direction form a tri- 



angular shape on the X-^^te. the X-axis component 
and the Y-axis component of the angular acceleration of 

the moving member 10 can be computed by comparing 
the driving electric power of the driving coils (not shown) 
embedded in the stators 68, 69, 70. 
[0096] As described hereinbefore, according to the 
present invention, a mobile data collecting apparatus 
comprises a hexahedral frame 62 composed of a non- 
magnetic material; a rectangularparallelepiped moving 
member 1 0 composed of a magnetic material, the mov- 
ing member (10) being loosely fitted so that the moving 
member 10 can vibrate in a three-dimensional direction 
within the frame; two pairs of stators 4, 5, 6. 7. 8, 9 each 
composed of a magnetic material, the two pairs of sta- 
tors 4, 5, 6, 7, 8, 9 being arranged opposed to each 
other on three sets of opposed surfaces 62a, 62b, 62c, 
62d. 62e, 62f of the frame with the moving member 
sandwiched therebetween so that three kinds of con- 
necting lines Li , L2, L3 thereof are orthogonal to each 
other; a driving coil 13 attached to each of the stators 
and adapted to vibrate the moving member; a position 
detecting coil 15 attached to each of the stators and 
adapted to detect the position of the moving member; 
moving member control means such as a moving mem- 
ber control unit 63 for driving the driving coils 13 in 
response to the signal from each of the position detect- 
ing coiis 15 so that the moving member 10 is located in 
the center of the frame 62; acceleration computing 
means such as an acceleration computing unit 64 for 
computing an acceleration of the moving member 10 
based on a driving electric power of each of the driving 
coils 13; and mobile data computing means such as a 
mobile data computing unit 65 for computing a mobile 
data based on the acceleration computed by the accel- 
eration computing means. Accordingly, since various 
mobile data can be obtained from the acceleration of 
the moving member 10 without an need of radio waves 
coming from an artificial satellite, there can be provided 
a mobile data collecting apparatus 60 which can be 
used even in a place where radio waves coming from an 
artificial satellite do not reach, in which errors are less- 
ened and which is inexpensive. 

[0097] Moreover, according to the present inven- 
tion, a mobile data collecting apparatus comprises a 
hexahedral frame 62 composed of a non-magnetic 
material; a rectangular parallelepiped moving member 
10 composed of a magnetic material, the moving mem- 
ber 10 being loosely fitted so that the moving member 
10 can vibrate in a three-dimensional direction within 
the frame 62; two pairs of stators 4, 5. 6, 7, 8. 9 each 
composed of a magnetic material, the two pairs of sta- 
tors 4. 5, 6. 7, 8. 9 being arranged opposed to each 
other on three sets of opposed surfaces 62a, 62b, 62c, 
62d, 62e, 62f of the frame 62 with the moving member 
10 sandwiched therebetween so that three kinds of con- 
necting lines LI , L2, L3 thereof are orthogonal to each 
other; a driving coil 13 attached to each of the stators 
and adapted to vibrate the moving member 1 0; a posi- 
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tion detecting coil 15 attached to eJ^^the stators and 
adapted to detect the position of the moving member 
10; moving member control means such as a moving 
member control unit 63 tor driving the driving coils 13 in 
response to the signal coming from each of the position 5 
detecting coils 15 so that the moving member 10 is 
located in the center of the frame 62; acceleration com- 
puting means such as an acceleration computing unit 
64 for computing an acceleration and an angular accel- 
eration of the moving member 10 based on a driving jo 
electric power of each of the driving coils 1 3; and mobile 
data computing means such as a mobile data comput- 
ing unit 65 for computing a mobile data accompanying a 
rotation based on the acceleration and the angular 
acceleration computed by the acceleration computing 75 
means. Accordingly, since various mobile data accom- 
panying a rotation can be obtained from the accelera- 
tion and the angular acceleration of the moving member 
1 0 without an need of radio waves coming from an arti- 
ficial satellite, there can be provided a mobile data col- 20 
lecting apparatus 31 which can be used even In a place 
where radio waves coming from an artificial satellite do 
not reach, in which errors are lessened and which is 
inexpensive. 

[0098] Moreover, according to the present inven- 25 
tion, a mobile data collecting apparatus comprises a 
hexahedral frame 62 composed of a non-magnetic 
material; a rectangular parallelepiped moving member 
1 0 composed of a magnetic material, the moving mem- 
ber 10 being loosely fitted so that the moving member 30 
10 can vibrate in a three-dimensional direction within 
the frame 62; two pairs of stators 64, 65 each composed 
of a magnetic material, the two pairs of stators 64, 65 
being arranged opposed to each other on first opposing 
surfaces 62a, 62b of all three sets of opposing surfaces 35 
62a, 62b, 62c, 62d, 62e. 62f of the frame 62 with the 
moving member 10 sandwiched therebetween; a pair of 
stators 66 composed of a magnetic material, the paired 
stators 66 being arranged opposed to each other on 
second opposing surfaces 62c. 62d with the moving 4o 
member 10 sandwiched therebetween; three pairs of 
stators 68, 69, 70 each composed of a magnetic mate- 
rial, the three pairs of stators 68, 69. 70 being arranged 
opposed to each other on third opposing surfaces 62e, 
62f in such a manner as to form a triangular shape ther- 45 
eon with the moving member 10 sandwiched therebe- 
tween; a driving coil 13 attached to each of the stators 
and adapted to vibrate the moving member 10; a posi- 
tion detecting coil 15 attached to each of the stators and 
adapted to detect the position of the moving member 50 
1 0; moving member control means such as a moving 
member control unit 63 for driving the driving coils 1 3 in 
response to the signal coming from each of the position 
detecting coils 15 so that the moving member 10 is 
located in the center of the frame 62; acceleration com- 55 
puting means such as an acceleration computing unit 
64 for computing an acceleration of the moving member 
1 0 based on a driving electric power of each of the driv- 




ing coils 13; and mobile dl^pCmputing means such as 
a mobile data computing unit 65 for computing a mobile 
data based on the acceleration computed by the accel- 
eration computing means. Accordingly, since various 
mobile data can be obtained from the acceleration of 
the moving member 10 and the height (length in the 
opposing direction of the stators 68. 69, 70 on the third 
opposing surfaces 62e. 62f) of the frame 62 can be 
reduced without a need of radio waves coming from an 
artificial satellite, there can be provided a mobile data 
collecting apparatus 81 which can be used even in a 
place where radio waves coming from an artificial satel- 
lite do not reach, in which errors are lessened and which 
is inexpensive. 

[0099] Moreover, according to the present inven- 
tion, a mobile data collecting apparatus comprises a 
hexahedral frame 62 composed of a non-magnetic 
material; a rectangular parallelepiped moving member 
10 composed of a magnetic material, the moving mem- 
ber 10 being loosely fitted so that the moving member 
10 can vibrate in a three-dimensional direction within 
the frame 62; two pairs of stators 64, 65 each composed 
of a magnetic material, the two pairs of stators 64. 65 
being arranged opposed to each other on first opposing 
surfaces 62a, 62b of all three sets of opposing surfaces 
62a, 62b, 62c, 62d. 62e, 62f of the frame 62 with the 
moving member 1 0 sandwiched therebetween; a pair of 
stators 66 composed of a magnetic material, the paired 
stators 56 being arranged opposed to each other on 
second opposing surfaces 62c. 62d with the moving 
member 10 sandwiched therebetween; three pairs of 
stators 68, 69, 70 each composed of a magnetic mate- 
rial, the three pairs of stators 68, 69, 70 being arranged 
opposed to each other on third opposing surfaces 52e, 
62f in such a manner as to form a triangular shape ther- 
eon with the moving member 1 0 sandwiched therebe- 
tween; a driving coil 13 attached to each of the stators 
and adapted to vibrate the moving member 10; a posi- 
tion detecting coil 15 attached to each of the stators and 
adapted to detect the position of the moving member 
10; moving member control means such as a moving 
member control unit 63 for driving the driving coils 13 in 
response to the signal coming from each of the position 
detecting coils 15 so that the moving member 10 is 
located in the center of the frame 62; acceleration com- 
puting means such as an acceleration computing unit 
64 for computing an acceleration and an angular accel- 
eration of the moving member 10 based on a driving 
electric power of each of the driving coils 15; and mobile 
data computing means such as a mobile data comput- 
ing unit 65 for computing a mobile data accompanying a 
rotation based on the acceleration and the angular 
acceleration computed by the acceleration computing 
means. 

[0100] Accordingly, since various mobile data 
accompanying a rotation can be obtained from the 
acceleration and the angular acceleration of the moving 
member 10 and the height (length in the opposing direc- 
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tion of the stators 68. 69. 70 on tf^^Vd opposing sur- 
faces 62e, 62f) of the frame 62 can^e reduced without 
a need of radio waves coming from an artificial satellite, 
there can be provided a mobile data collecting appara- 
tus 81 which can be used even in a place where radio 
waves conning from an artificial satellite do not reach, In 
which errors are lessened and which is inexpensive. 

Claims 

1 . A displacement sensor including: 

a moving member (10) composed of a mag- 
netic material; 

a pair of stators (11, 12) each composed of a 
magnetic material and arranged opposed to 
each other with respect to said moving member 
(10), said stators (11.12) including driving coils 
(13. 14) and position detectors (15, 16) corre- 
sponding to said driving coils (13. 14). respec- 
tively; and 

a control unit (30) for driving, based on a detec- 
tion output coming from said position detectors 
(15, 16). said driving coils (13. 14) with an elec- 
tric power corresponding to intervals (d1 , d2) 
between said moving member (10) and said 
stators (11, 12) so that said moving member 
(10) is balanced at an intermediate position 
between said stators (1 1 , 12) and for comput- 
ing a force (F) or acceleration (G) applied to 
said moving member (1 0) with a driving electric 
power of said driving coils (1 3, 14). 

2. A displacement sensor according to claim 1, 
' wherein at (east one pair of said stators (1 1 , 1 2) are 

disposed opposed to each other on each plane of 
said moving member (10) in triaxial directions X, Y, 
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3. A displacement sensor including: 

a spherical moving member (10) composed of 
a magnetic material; 

three pairs of stators (11, 12) each composed 
of a magnetic material and arranged opposed 
to each other in triaxial directions X, Y, Z. with 
respect to said moving member (10), said sta- 
tors (11, 12) including driving coils (13, 14) and 
position detectors (15, 16) corresponding to 
said driving coils (13. 14), respectively; and 
a control unit (30) for driving, based on a detec- 
tion output coming from said position detectors 
(15, 16), said driving coils (13. 14) with an elec- 
tric power corresponding to intervals (d1. d2) 
between said moving member (10) and said 
stators (11, 12) so that said moving member 
(10) is balanced at an intermediate position 
between said stators (1 1 , 12) and for comput- 



ing a force (F) ^^p:€leration (G) applied lo 
said moving member (1 0) with a driving electric 
power of said driving coils (13, 14). 

5 4. A displacement sensor according to claim 3, 
wherein a shield (23) composed of a non-magnetic 
material is interposed between adjacent said sta- 
tors on the X-, Y- and Z- axis. 

w 5. A displacement sensor according to claim 1 or 3, 
wherein the driving of said driving coils (13, 14) is a 
pulse driving having a constantpulse-width and a 
driving electric power is computed based on the 
number of the pulse driving signal. 

75 

6. A displacement sensor according to claim 1 or 3, 
wherein said control unit (30) includes: 

a phase comparator circuit (31 ) for supplying a 
20 comparing signal (Clock) to said paired posi- 

tion detectors (15, 16) and detecting an unbal- 
ance of the intervals (d1. d2) between said 
paired stators (11, 12) and said moving mem- 
ber ( 1 0) as a difference in phase of the compar- 
es ing signal (Clock); 

a pulse generating circuit (32) for supplying a 
driving pulse (PO, Pi ) of a constant pulse-width 
to one of said driving coils (13, 14) in accord- 
ance with the detected phase difference; 
30 a driver circuit (33) for driving said driving coils 

(13. 14) with the driving pulse (PO, PI); 
a counter circuit (34) for counting the number of 
the driving pulses (PO, PI); and 
computing means (40) for computing a force 
35 (F) or acceleration (G) applied to said moving 

member (10) based on a counted value of said 
counter circuit (34). 

7. A displacement sensor according to claim 6, 
40 wherein said computing means (40) computes a 

force (F) applied to said moving member (10) per 
axis by using an equation of 
F = K1 • N1 -K2 • N2, where N1, N2 represent 
count numbers of the driving pulses (PO, Pi) sup- 
45 plied to said paired driving coils (13, 1 4) on one axis 
and K1, K2 represent force coefficients. 

8. A displacement sensor according to claim 6. 
wherein said computing means (40) computes an 

50 acceleration (G) applied to said moving member 
(10) per axis using an equation of 
G = K10 • N1 -K20 • N2, where N1, N2 repre- 
sent count numbers of the driving pulses (PO, PI) 
supplied to said paired driving coils (13. 14) on one 

55 axis and KIO, K20 represent acceleration coeffi- 
cients thereof. 

9. A displacement sensor according to claim 7 or 
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claim 8. wherein said control^^pi30) includes a 
temperature sensor and makes a correction of the 
computation of said computing means (40) based 
on a detection output thereof. 

10. A displacement sensor according to claim 6, 
wherein said position detectors (15. 16) are con- 
verters utilizing the variations in inductance or in 
electrostatic capacity. 

11. A mobile data collecting apparatus comprising: 



a hexahedral frame (62) composed of a non- 
magnetic material; 

a rectangular parallelepiped moving member is 
(10) composed of a magnetic material, said 
moving member (10) being loosely fitted so 
that said moving member (10) can vibrate in a 
three-dimensional direction within said frame; 
two pairs of stators (4, 5, 6. 7. 3, 9) each com- 20 
posed of a magnetic material, said two pairs of 
stators (4, 5, 6, 7. 8, 9) being arranged 
opposed to each other with said moving mem- 
ber sandwiched therebetween: 
two pairs of stators (4, 5, 6, 7, 8, 9) each com- 25 
posed of a magnetic material, said two pairs of 
stators (4, 5, 6, 7, 8, 9) being arranged 
opposed to each other on three sets of 
opposed surfaces (62a, 62b. 62c, 62d, 62e, 
62f) of said frame with said moving member 30 
sandwiched therebetween; 
said stators being arranged such that three 
kinds of connecting lines (LI . L2. L3) thereof 
are orthogonal to each other; 
a driving coil (13) attached to each of said sta- 35 
tors and adapted to vibrate said moving mem- 
ber; 

a position detecting coil (15) attached to each 
of said stators and adapted to detect the posi- 
tion of said moving member; 40 
moving member control means (63) for driving 
said driving coils in response to the signal from 
each of said position detecting coils (15) so that 
said moving member is located in the center of 
said frame; 45 13. 

acceleration computing means (64) for com- 
puting an acceleration of said moving member 
based on a driving electric power of each of 
said driving coils; and 

mobile data computing means (65) for comput- so 
ing a mobile data based on the acceleration 
computed by said acceleration computing 
means. 



12. A mobile data collecting apparatus comprising: 

a hexahedral frame (62) composed of a non- 
magnetic material; 
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a rectangular p^^p&piped moving member 
(10) composed of a magnetic material, said 
moving member (10) being loosely fitted so 
that said moving member (10) can vibrate in a 
5 three-dimensional direction within said frame; 

two pairs of stators (4, 5, 6. 7, 8, 9) each com- 
posed of a magnetic material, said ^vo pairs of 
stators (4. 5. 6, 7. 8, 9) being arranged 
10 opposed to each other on three sets of 

opposed surfaces (62a, 62b, 62c, 62d, 52e, 
62f) of said frame with said moving member 
sandwiched therebetween; 

said stators being arranged such that three 
kinds of connecting lines (Li, L2, L3) 
thereof are orthogonal to each other; 

a driving coil (13) attached to each of said sta- 
tors and adapted to vibrate said moving mem- 
ber; 

a position detecting coil (15) attached to each 
of said stators and adapted to detect the posi- 
tion of said moving member; 

moving member control means (63) for driving 
said driving coils in response to the signal com- 
ing from each of said position detecting coils 
(15) so that said moving member is located in 
the center of said frame; 

acceleration computing means (64) for com- 
puting an acceleration and an angular acceler- 
ation of said moving member based on a 
driving electric power of each of said driving 
coils; and 

mobile data computing means (65) for comput- 
ing a mobile data accompanying a rotation 
based on the acceleration and the angular 
acceleration computed by said acceleration 
computing means. 

A mobile data collecting apparatus comprising: 

a hexahedral frame (62) composed of a non- 
magnetic material; 

a rectangular parallelepiped moving member 
(10) composed of a magnetic material, said 
moving member (10) being loosely fitted so 
that said moving member (10) can vibrate in a 
three-dimensional direction within said frame; 
two pairs of stators (64, 65) each composed of 
55 a magnetic material, said two pairs of stators 

(64, 65) being arranged opposed to each other 
on first opposing surfaces (62a. 62b) of all 
three sets of opposing surfaces (62a, 62b, 62c, 
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62d. 62e. 62f) of said f;^^»ith said moving 
member sandwiched thereoetween; 
a pair of stators (66) composed of a magnetic 
body, said paired stators being an-anged 
opposed to each other on second opposing 5 
surfaces (62c, 62d) with said moving member 
sandwiched therebetween; 
three pairs of stators (68. 69. 70) each com- 
posed of a magnetic material, said three pairs 
of stators being arranged opposed to each io 
other on third opposing surfaces (62e. 62f) in 
such a manner as to form a triangular shape 
thereon with said moving member sandwiched 
therebetween; 

a driving coil (13) attached to each of said sta- i5 
tors and adapted to vibrate said moving mem- 
ber; 

a position detecting coil (15) attached to each 
of said stators and adapted to detect the posi- 
tion of said moving member; 20 
moving member control means (63) for driving 
said driving coils in response to the signal com- 
ing from each of said position detecting coils 
(15) so that said moving member is located in 
the center of said frame; 25 
acceleration computing means (64) for com- 
puting an acceleration of said moving member 
based on a driving electric power of each of 
said driving coils; and 

mobile data computing means (65) for comput- 30 
ing a mobile data based on the acceleration 
computed by said acceleration computing 
means. 

A mobile data collecting apparatus comprising: 35 

a hexahedral frame (62) composed of a non- 
magnetic body; 

a rectangular parallelepiped moving member 
(10) composed of a magnetic material, said 40 
moving member (10) being loosely fitted so 
that said moving member (10) can vibrate in a 
three-dimensional direction within said frame; 
two pairs of stators (64, 65) each composed of 
a magnetic material, said two pairs of stators 45 
(64. 65) being arranged opposed to each other 
on first opposing surfaces (62a. 62b) of all 
three sets of opposing surfaces (62a, 62b, 62c, 
62d, 62e, 62f) of said frame with said moving 
member sandwiched therebetween; so 
a pair of stators (66) composed of a magnetic 
body, said paired stators being an-anged 
opposed to each other on second opposing 
surfaces (62c, 62d) with said moving member 
sandwiched therebetween; 55 
three pairs of stators (68, 69, 70) each com- 
posed of a magnetic material, said three pairs 
of stators being arranged opposed to each 
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Other on third cjj^^lng surfaces (62e. 62f) in 
such a manner as to form a triangular shape 
thereon with said moving member sandwiched 
therebetween; 

a driving coil (13) attached to each of said sta- 
tors and adapted to vibrate said moving mem- 
ber; 

a position detecting coil (15) attached to each 
of said stators and adapted to detect the posi- 
tion of said moving member; 
moving member control means (63) for driving 
said driving coils in response to the signal com- 
ing from each of said position detecting coils 
(15) so that said moving member is located in 
the center of said frame; 
acceleration computing means (64) for com- 
puting an acceleration and an angular acceler- 
ation of said moving member based on a 
driving electric power of each of said driving 
coils; and 

mobile data computing means (65) for comput- 
ing a mobile data accompanying a rotation 
based on the acceleration and the angular 
acceleration computed by said acceleration 
computing means. 

15. A displacement sensor including: 

a moving member (10) composed of a mag- 
netic material; 

a pair of stators (11, 12) each composed of a 

magnetic material and arranged opposed to 
each other with respect to said moving member 
(10). 

one of said moving member (10) and said sta- 
tors (11.12) including driving coils (13, 14) and 
position detectors (15, 16) corresponding to 
said driving coils (13, 14), respectively; and 
a control unit (30) for driving, based on a detec- 
tion output coming from said position detectors 
(15, 16), said driving coils (13. 14) with an elec- 
tric power corresponding to intervals (d1 , d2) 
between said moving member (10) and said 
stators (11, 12) so that said moving member 
(10) is balanced at an intermediate position 
between said stators (11. 12) and for comput- 
ing at least one of a force (F) and an accelera- 
tion (G) applied to said moving member (10) 
with a driving electric power of said driving coils 
(13. 14). 
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